
USOO6052377A 

Ulllted States Patent [19] [11] Patent Number: 6,052,377 
Ohmi et al. [45] Date of Patent: Apr. 18, 2000 

[54] ACCESS CONTROL METHOD IN 4,742,512 5/1988 Akashi et a1. .......................... .. 370/96 
COMMUNICATION SYSTEM 5,012,469 4/1991 Sardana ........ .. 370/953 

5,274,841 12/1993 Natarajan et a1. ................... .. 455/334 

[75] Inventors: Shinichiro Ohmi, Toyono; Hiroshi 513611;“ et alt- ~l 
, , e reese e a. . 

one’ Neyagawa’ both of Japan 5,818,825 10/1998 Corrigan et a1. ...................... .. 370/329 

[73] Assignee: Matsushita Electric Co., Ltd., 
Osaka-fu, Japan Primary Examiner—Dang Ton 

Assistant Examiner—David R. Vincent 
[21] App1_No,; 08/863,334 Attorney, Agent, or Firm—Wenderoth, Lind & Ponack, 

LLP 
[22] Filed: May 27, 1997 

_ _ _ _ _ [57] ABSTRACT 

[30] Forelgn Appllcatlon Prlorlty Data 
A doWn-link frame generating/transferring portion 12 

May 28, 1996 [JP] Japan .................................. .. 8-133123 detects a free Channel from among a plurality of previously 

[51] Int. Cl.7 ............................... .. H04J 3/16; H04] 3/02; assigned up-link channels. The down-link frame generating/ 
H04L 12/403; H04L 12/42 transferring portion 12 selects a secondary station 2 to Which 

[52] US. Cl. ......................... .. 370/437; 370/449; 370/462 the free Channel is to be assigned by referring to an address 
[58] Field of Search ................................... .. 370/442, 443, table 11 every time it detects a free Channel Then the 

370/437, 449, 450, 458, 346, 347, 348, doWn-link frame generating/transferring portion 12 sends 
438, 439, 459, 462 out onto a doWn-link channel a doWn-link frame in Which 

the secondary station address of the selected secondary 
[56] References Cited station is set in an address slot corresponding to the free 

channel. 
U.S. PATENT DOCUMENTS 

4,466,096 8/1984 Heins et al. . 23 Claims, 12 Drawing Sheets 

1 

MEMORY PORTION l1 
/ 

lll\ ADDRESS TABLE 
MESSAGE 

112\_ 
RECEIVE COMMAND STATUS 13 

SECONDARY STATION INFORMATION ' ' ' ' ' " — / 

DETECTION COMMAND THE COMMANDS 12 
/ FIRST SECOND FIFTH 

1l4\ DATA ERROR UP'LINK UP-LINK DHINR 
COMMAND DOWN-LINK FRAME FRAME FRAME . . . FRAME 

GENERATING/ RECEIVING RECEIVING RECEIVING 
115\ TRANSMISSION TRANSFERRING PORTION PORTION PORTION PORTION 

ENABLING COMMAND 

v (K ' ' ' ) 

TO DOWN‘LINK 
CHANNEL 

FROM UP~LINK CHANNELS 



U.S. Patent Apr. 18,2000 Sheet 1 0f 12 6,052,377 

F I G, l 

1 

/ 3 
MASTER I, / _ 
STATION I‘ I I * 

SECONDARY SECONDARY SECONDARY SECONDARY 
STATION STATION STATION STATION 

(a) (b) (c) (k) 

2 2 2 2 



U.S. Patent Apr. 18,2000 Sheet 2 0f 12 6,052,377 

wqmzzéw m7: ‘THE 232 

$255 §3§2 2 

q 0.. 1 g @2228 232% 

Z252 Z222 22:2 22 E2 025M225 222E725 lmj 

@528? @528? @525 $5258 0 , 
22E . . . 2:: a2”: 2:: M23152 $2228 

V2345 V2345 MZSAE Mag 22 ii 

E2 h @283 E; N“ @2228 222:5 

272228 a: 
\ é 2 N5 22%: 22 238 m: I. 222525 22:5 228% 

£25 52228 E: SE / 

< N: 

@622 

59; $25 IE 

\ 

I 2252 20%: 

H 

N .U H m 



U.S. Patent Apr. 18,2000 Sheet 3 0f 12 6,052,377 

FIG. 3 

ORDER "n" l 2 3 4 5 6 7 8 9 10 ll 

SECONDARY 
STATION ADDRESS 



U.S. Patent Apr. 18,2000 Sheet 4 0f 12 6,052,377 

2015 mw<mmmz 

23w 3 

23m m £04m mwmmmi 

w .wHm 

N2 

Paw Mme/5: 



U.S. Patent Apr. 18,2000 Sheet 5 0f 12 6,052,377 

F I G. 5 (a) 

0 SECONDARY STATION ADDRESS (31 BITS) 1 

F I G, 5 < b > 

1 O (29 BITS) 1 0 

F I G. 6 

FROM T0 ASSIGNED 
DOWN—LINK CHANNEL UP-LINK CHANNEL 

M 

UP-LINK FRAME COMMAND/ADDRESS GENERATING/TRANSFERRING 
DETECTING PORTION PORTION 

/ / 1 
21 22 MESSAGE 

2 

/ 

F I G. 7 < a ) HEADER'\ MESSAGE / \ 

8 BITS 
128 BITS 

8 BITS 

\ 
F 1 G. 7 < b > MESSAGE MESSAGE 

\ \\ 3 

128 BITS 



U.S. Patent Apr. 18,2000 Sheet 6 0f 12 6,052,377 

F I G, 8 

( START ) 

mode I O 51 
Cl I O P 
C2 I 0 

T I O 

n I 1 

S2 

mode I O ‘? No 

Yes 
' s3 s9 

CONTENTION MODE I/ POLLING MODE I’ 

S10 
C2 IS 

EQUAL TO OR LARGER 
THAN SECOND CERTAIN 

VALUE ? 

EQUAL TO OR LARGER 
THAN FIRST CERTAIN 

mode I 0 S11 



U.S. Patent Apr. 18,2000 Sheet 7 0f 12 

FIG. 9 

6,052,377 

S912 

LEVEL OF 
SIGNAL RECEIVED 

FROM chm IS UNDER 
CERTAIN LEVEL 

SIGNAL RECEIVED FROM 
chm HAS CHANGED FROM UNDER 

CERTAIN LEVEL TO OR 
ABOVE IT ‘? 

S902 

S903 

Yes 

SET TRANSMISSION ENABLE 
COMMAND 115 INTO ASm 

Yes 

SET DATA ERROR 
COMMAND 114 INTO AS111 

SET RECEIVE COMMAND 
112 INTO ASm 

SET COLLISION DETECTION 
11 INT A 5906 COMMAND 3 O SUI 

\ 
$911 

[11 I m + 1 Cl I C1 + l / 

R 

$905 
No COMMANDS 

SET IN ALL AS 
(0115) ? 

Yes 
S907 

SEND DOWN-LINK FRAMEI’ 





U.S. Patent 

FROM chm CHANGED FROM UNDER 
CERTAIN LEVEL TO OR ABOVE 

Apr. 18,2000 Sheet 9 0f 12 6,052,377 

F 1 G, 1 1 

; kSllOl 5_9 
m = l / 

OF SIGNAL RECEIVED 

CERTAIN LEVEL 

S1110 v 

SYNC 

SET LAST 
SECONDARY STATION 

511$?’ Yes -f—-—---/\-1 PATTERN DETECTED 
A? 

SET nTH SECONDARY STATION N0 ' 

ADDRESS IN THE ORDER INTO ASm Yes $1111 
, / 

SET INTO ASm RECEIVE 
COMMAND 112 (OR SECONDARY 
STATION ADDRESS SET IN 

ADDRESS IN THE ORDER ASm LAST TIME) 
IN ASIII (nzll) 

S1109 ' S1107 S1114 
/ v / , 

m = m + 1 I1 = n + l n = l I 

A 

S1108 

COMMANDS IN ALL AS 
(n1=5) ? 

SEND DOWN-LINK FRAME lrslll?’ 



wmwmmmci 222,5 >m<azoumm H x \( m wqmzzéu x2345 H Eu \( Eu 204w wmmmci H m2 2 G< 

6,052,377 Sheet 10 0f 12 Apr. 18, 2000 U.S. Patent 



U.S. Patent Apr. 18,2000 Sheet 11 0f 12 6,052,377 

A525 28% “50% Z; 

\ > 

a _ : £252 222% m U Q Q 3222 22:5 

. . 528% 558% 

m w m :NG: m w m N :HG: 

“was 28% Mass 5; 

w H .U H m 

a m Q Q @ £52 22:5 

& . M 0 U Q 258% 
NH HH OH N w m w m N H ..c.. mmcmo 

m H .w H m 



U.S. Patent Apr. 18,2000 Sheet 12 0f 12 6,052,377 

FIG,15 

S121 
/ 

ASSIGNE FREE CHANNELS IN UP—LINK CHANNELS 
ASSIGNED TO FIRST GROUP TO SECONDARY 
STATIONS BELONGING TO THE FIRST GROUP 

ASSIGNE FREE CHANNELS IN UP-LINK CHANNELS 
ASSIGNED TO SECOND GROUP TO SECONDARY 
STATIONS BELONGING TO THE SECOND GROUP 



6,052,377 
1 

ACCESS CONTROL METHOD IN 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to access control methods, 

and more particularly to an access control method in a 
communication system using a point-to-multipoint netWork 
structure. 

2. Description of the Background Art 
The recent trend toWard relaxation of regulations in 

broadcastings and communications has facilitated fusion of 
the tWo and experiments are being conducted for tWo-Way 
communications using cable television netWorks and the 
like. In a communication system using a point-to-multipoint 
netWork structure such as the cable television system, a 
master station assigns communication channels to secondary 
stations. The secondary stations communicate With the mas 
ter station by using the communication channels assigned. In 
the polling system, Which is one of the methods for assign 
ing the communication channels, a master station asks the 
secondary stations Whether they have transmission mes 
sages. When a large number of secondary stations are 
accommodated in a communication system, hoWever, there 
has been a conventional problem that it takes long before a 
transmission message is actually sent out after being gen 
erated in a certain secondary station. 

The method explained beloW is suggested to solve this 
problem to accommodate a large number of secondary 
stations in a communication system. That is to say, the 
secondary stations are divided into some groups and the 
communication channels are assigned to the groups. Then 
the master station asks the secondary stations, group by 
group, Whether they have transmission messages. 
When the method described above is applied, hoWever, a 

large number of secondary stations in a certain group 
(hereinafter referred to as “a ?rst group”) may have trans 
mission messages While only a small number of secondary 
stations have transmission messages in another group 
(hereinafter referred to as “a second group”). That is to say, 
a traf?c difference occurs betWeen the groups. Then the 
secondary stations belonging to the ?rst group Will require 
a long time before actually sending out a transmission 
message after it is generated. Furthermore, if the traf?c on 
the communication channels assigned to the ?rst group is 
congested in spite of the fact that the communication chan 
nels assigned to the second group are not being used, the 
secondary stations belonging to the ?rst group can not 
communicate until a communication channel assigned to the 
?rst group becomes free. This brings about the problem that 
the secondary stations in the ?rst group provide extremely 
loWer response and throughput than those in the second 
group. That is to say, the method above produces the 
problem that the communication channels (frequencies, for 
example) can not be efficiently used in the communication 
system. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide an access control method in a communication 
system Which enables effective utiliZation of the communi 
cation channel to provide improved response and throughput 
of secondary stations accommodated in the communication 
system. 

To achieve this object, the present invention includes the 
folloWing ?rst to tWenty-third aspects, thereby providing the 
folloWing effects. 

10 

15 

25 

35 

45 

55 

65 

2 
A?rst aspect is directed to a method for controlling access 

from secondary stations to a master station in a communi 
cation system in Which the master station and a plurality of 
secondary stations can bi-directionally communicate, 

Wherein the master station can use a doWn-link channel to 
transfer doWn-link signals and each of the secondary stations 
can use a plurality of up-link channels to transfer up-link 
signals, 

Wherein the master station detects currently unused one(s) 
of the up-link channels (hereinafter referred to as “a free 
channel”) and selects one(s) of the secondary stations of a 
number corresponding to the detected free channel(s), 

assigns each free channel to each selected secondary 
station, and 

generates a doWn-link signal for signaling the free 
channel(s) assigned to the selected secondary station(s) and 
sends out the doWn-link signal onto the doWn-link channel, 
and 

the secondary stations determine Whether the up-link 
channels are assigned to these stations on the basis of the 
doWn-link signal inputted from the doWn-link channel. 

In accordance With the ?rst aspect, the master station 
selects a secondary station every time a free channel occurs 
and individually assigns the free channel to the selected 
secondary station. Hence, even if a certain secondary station 
makes a communication by using a certain up-link channel 
in a long time, the master station can, When another up-link 
channel becomes free, assign the up-link channel to another 
secondary station. The up-link channels are then alWays 
being assigned to some of the secondary stations. Then, if a 
traffic is congested on an up-link channel, it affects not only 
a particular certain secondary station but also affects all 
secondary stations in a dispersed manner. This improves the 
response and throughput of all the secondary stations 
accommodated in the communication system. 
According to a second aspect, in the ?rst aspect, each 

secondary station sends out the up-link signal onto one of the 
up-link channels assigned thereto only When any of the 
up-link channels is assigned to this station and it has data to 
send out to the master station. 

In accordance With the second aspect, the secondary 
stations do not send out up-link signals indicating that they 
have no data to send out to the master station onto the 
assigned up-link channels. Hence, the secondary stations do 
not require a structure for performing such transferring 
processing. This simpli?es the structures of the secondary 
stations and the master station. 

According to a third aspect, in the second aspect, the 
master station detects Whether an up-link signal is being 
transferred on each up-link channel in a certain period after 
sending out the doWn-link signal to detect a free channel. 
As stated above, the secondary stations may not send out 

up-link signals even When the up-link channels are assigned 
thereto. If, for example, the secondary stations send out 
up-link signals to indicate the absence of up-link signals to 
be transferred to the master station onto the assigned up-link 
channels, the master station is required to determine Whether 
the up-link channels are free or not on the basis of the 
up-link signals. Then the master station requires a long time 
to generate a doWn-link signal. According to the third aspect, 
hoWever, When no up-link signal is sent out onto each 
up-link channel in a certain period after a doWn-link signal 
Was sent out, the master station can recogniZe the up-link 
channel as a free channel and can generate a doWn-link 
signal at once. This improves the response and throughput of 
all secondary stations accommodated in the communication 
system. 
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According to a fourth aspect, in the third aspect, the 
up-link signal includes an error detecting code, 

Wherein the master station detects Whether an error is 
occurring in a received up-link signal on the basis of the 
error detecting code included in the up-link signal, and 
When an error is occurring in the received up-link signal, 

the master station selects a secondary station other than the 
secondary station to Which the up-link channel carrying the 
up-link signal Was assigned, and 

assigns the up-link channel carrying the received up-link 
signal to the selected secondary station. 

According to a ?fth aspect, in the third aspect, the master 
station detects Whether up-link signals are causing a com 
munication collision on the up-link channels assigned to the 
secondary stations, 

Wherein When detecting the communication collision, the 
master station selects a secondary station other than the 
secondary station to Which the up-link channel suffering the 
communication collision is assigned, and 

assigns the up-link channel suffering the communication 
collision to the selected secondary station. 
When an up-link signal contains an error or a plurality of 

up-link signals are causing a communication collision, the 
data communication from the secondary station to the mas 
ter station is invalid. If the up-link channel keeps being 
assigned to this secondary station, the invalid data commu 
nication occupies the up-link channel to prevent effective 
utiliZation of the up-link channel. Hence, in the fourth or 
?fth aspect, When the master station detects an error in an 
up-link signal or a communication collision of up-link 
signals, it assigns the up-link channel, to Which that up-link 
signal Was sent out, to a neWly selected secondary station to 
remove the invalid data communication from the up-link 
channel. This improves the utiliZation ef?ciency of the 
up-link channels. 

According to a sixth aspect, in the third aspect, an order 
for assigning the up-link channels to the secondary stations 
is determined in advance, 

Wherein the certain order is stored in the master station, 
and 

the master station selects the secondary stations according 
to the stored certain order to assign detected free channels. 

In accordance With the sixth aspect, the master station can 
select secondary stations to assign up-link channels simply 
by referring to the certain order Without difficulty. This also 
alloWs the certain order for assigning the up-link channels to 
be freely and easily changed. 

According to a seventh aspect, in the sixth aspect, the 
certain order is determined so that all secondary stations are 
equally selected by the master station. 

According to the seventh aspect, all secondary stations are 
equally affected When the traffic is congested since all 
secondary stations are equally selected by the master station. 
This improves the response and the throughput of all sec 
ondary stations accommodated in the communication sys 
tem. 

According to an eighth aspect, in the sixth aspect, the 
certain order is determined so that a particular secondary 
station is selected by the master station unequally to other 
secondary stations. 

In accordance With the eighth aspect, When the order is 
determined so that a particular secondary station is 
unequally selected by the master station, that is, so that a 
particular secondary station is selected more frequently by 
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4 
the master station, the particular secondary station provides 
improved response and throughput. 

According to a ninth aspect, in the third aspect, the master 
station generates a doWn-link signal including a certain 
command and sends out the doWn-link signal onto the 
doWn-link channel, and 

the secondary stations execute processing corresponding 
to the certain command included in the doWn-link signal 
inputted from the doWn-link channel. 

In accordance With the ninth aspect, the doWn-link signal 
for signaling free channels assigned to selected secondary 
stations also contains a certain command. The secondary 
stations perform processing corresponding to the certain 
command contained in the doWn-link signal inputted from 
the doWn-link channel. This improves the expandability of 
the access control in the communication system. 

A tenth aspect is directed to a method for controlling 
access from secondary stations to a master station in a 
communication system in Which the master station and a 
plurality of secondary stations can bi-directionally 
communicate, 

Wherein the plurality of secondary stations are divided 
into a plurality of groups, 

the master station can use a doWn-link channel to transfer 
a doWn-link signal, and 

each secondary station belonging to each group can use a 
plurality of up-link channels assigned to each group to 
transfer up-link signals, 

Wherein the master station detects currently unused one(s) 
of the up-link channels (hereinafter referred to as “free 
channels”), 

selects one(s) of the secondary stations of a number 
corresponding to the detected free channel(s) from the 
secondary stations belonging to the group to Which the free 
channel(s) is/are assigned, 

assigns each detected free channel to each selected sec 
ondary station, and 

generates a doWn-link signal for signaling the assigned 
free channel(s) to the selected secondary station(s) and sends 
the doWn-link signal onto the doWn-link channel, and 

the secondary stations determine Whether any of the 
up-link channels are assigned to these stations on the basis 
of the doWn-link signal inputted from the doWn-link chan 
nel. 

Various data, such as computer data, audio data, etc., are 
communicated betWeen the master station and the secondary 
stations. HoWever, in general, While the audio data is 
generated, to some degree, in a ?xed amount, the computer 
data is generated in various amounts. Furthermore, audio 
data loses its meaning as audio data if response and through 
put are not ensured. Accordingly, according to the tenth 
aspect, the secondary stations connected to the master sta 
tion are divided into a plurality of groups and the up-link 
channels are assigned group by group. When detecting a free 
channel, the master station selects a secondary station to 
assign the free channel from among the secondary stations 
belonging to the group to Which the detected free channel is 
assigned. If, for example, secondary stations communicating 
of audio data requiring ensured response and throughput are 
grouped, the up-link channels can be periodically assigned 
to the secondary stations belonging to that group. This 
ensures the response and throughput at least of the second 
ary stations in this group. 
An eleventh aspect of the present invention is directed to 

a method for controlling access from secondary stations to 
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a master station in a communication system in Which the 
master station and a plurality of secondary stations can 
bi-directionally communicate, 

Wherein the master station can use a doWn-link channel to 
transfer a doWn-link signal and each secondary station can 
use a plurality of up-link channels to transfer up-link signals, 

Wherein the master station detects an up-link channel 
Which is currently not used (hereinafter referred to as “a free 
channel”), and 

generates a doWn-link signal for signaling the detected 
free channel to the secondary stations and sends out the 
doWn-link signal onto the doWn-link channel, and 

the secondary stations recogniZe the up-link channel 
Which is currently free from the doWn-link signal inputted 
from the doWn-link channel and send out the up-link signal 
onto the free channel. 

In accordance With the eleventh aspect, the master station 
signals the information of a detected free channel at once to 
the secondary stations, Which prevents the traf?c on the 
up-link channels from being congested. Furthermore, even if 
the traffic is congested on another up-link channel, it affects 
all secondary stations in a dispersed manner, since the 
secondary stations send out up-link signals by using free 
channels detected by the master station. This improves the 
response and throughput of all secondary stations accom 
modated in the communication system. 

According to a tWelfth aspect, in the eleventh aspect, 
When an error is occurring in an up-link signal inputted from 
an up-link channel, the master station generates a doWn-link 
signal including a data error command indicative of the 
occurrence of an error and sends it out onto the doWn-link 

channel, and 
the secondary station Which is sending out the up-link 

signal suspends the sending out of the up-link signal on the 
basis of the data error command. 

In accordance With the tWelfth aspect, the secondary 
stations suspend sending out of data in response to the data 
error command included in a doWn-link signal inputted from 
the doWn-link channel. Since the master station thus causes 
the secondary stations to suspend invalid sending out of the 
up-link signal at the time When the data is errored on the 
up-link channel, the response and throughput is improved on 
the up-link channel. 

According to a thirteenth aspect, in the eleventh aspect, 
the master station is detecting the level of a received signal 
on each up-link channel, and 
When the level of the received signal has reached or 

exceeded a certain level on any of the up-link channels, the 
master station generates a doWn-link signal including a 
receive command for signaling that the up-link signal has 
been received to the secondary station sending out the 
up-link signal onto that up-link channel, 

Wherein each secondary station continues to send out the 
up-link signal on the basis of the receive command. 

In accordance With the thirteenth aspect, the secondary 
stations can monitor Whether a problem is occurring in the 
up-link signals Which they sent out onto the up-link channels 
on the basis of the receive command. This removes invalid 
signal sending out and improves the throughput and 
response in the communication system. 

According to a fourteenth aspect, in the thirteenth aspect, 
the secondary stations suspend sending out of up-link sig 
nals When they can not recogniZe the receive command in 
the doWn-link signal inputted from the doWn-link channel. 

In accordance With the fourteenth aspect, When a second 
ary station sent out an up-link signal but ?nds no receive 
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command in the folloWing doWn-link signal, the secondary 
station recogniZes occurrence of a problem in the up-link 
signal on the up-link channel and suspends the transfer of the 
up-link signal. Since the secondary station suspends the 
invalid up-link signal transfer at the time When a trouble 
occurs on the up-link channel, the throughput and the 
response in the communication system are improved. 

According to a ?fteenth aspect, in the eleventh aspect, the 
master station is detecting the level of a received signal on 
each up-link channel, and 
When the level of the received signal is loWer than a 

certain level on any of the up-link channels, the master 
station recogniZes that up-link channel as a free channel, and 
generates a doWn-link signal including a transmission 
enabling command for signaling the free channel to each 
secondary station and sends out the doWn-link signal onto 
the doWn-link channel, 

Wherein each secondary station sends out an up-link 
signal onto the free channel on the basis of the transmission 
enabling command. 

In accordance With the ?fteenth aspect, When the received 
signal level on an up-link channel is loWer than a certain 
level, the master station signals that the up-link channel is a 
free channel by using a transmission enabling command. In 
other Words, When a signal received on an up-link channel 
is at the certain level or higher, the master station recogniZes 
that the up-link channel is used for communication or is 
suffering a trouble due to noise and does not signal that 
up-link channel as a free channel to the secondary stations. 
This prevents the secondary stations from transferring 
invalid up-link signals, thus improving the throughput and 
response in the communication system. 

According to a siXteenth aspect, in the ?fteenth aspect, 
When the doWn-link signal includes a plurality of transmis 
sion enabling commands, each secondary station, When 
holding data to send out to the master station, determines 
that there are a plurality of free channels, 

selects one free channel from among the plurality of free 
channels at random, and 

sends out the up-link signal onto the selected up-link 
channel. 

In accordance With the siXteenth aspect, each secondary 
station can select one free channel from among a plurality of 
free channels at random to send out an up-link signal, Which 
improves the throughput and response in the communication 
system. 

According to a seventeenth aspect, in the eleventh aspect, 
each secondary station sends out the up-link signal onto the 
up-link channel With a synchroniZation pattern set in a 
certain position in the up-link signal, and 
When not detecting the synchroniZation pattern from the 

up-link signal inputted from the up-link channel, the master 
station generates a doWn-link signal including a collision 
detection command for signaling an occurrence of a com 
munication collision on the up-link channel and sends out 
the doWn-link signal onto the doWn-link channel, 

Wherein the secondary station Which transferred the 
up-link signal suspends the transfer of the up-link signal on 
the basis of the collision detection command. 

In accordance With the seventeenth aspect, the master 
station can recogniZe ahead of an up-link signal transmitted 
on an up-link channel on the basis of a change of the 
received signal level, and it can also estimate the position in 
Which a synchroniZation pattern is set in the up-link signal. 
When it detects no synchroniZation pattern, the received 
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signal can be regarded as an up-link signal Whose synchro 
niZation pattern Was broken by a communication collision 
on the up-link channel. In this case, the master station 
signals the occurrence of a communication collision on the 
up-link channel by using a doWn-link signal to the secondary 
station Which sent out the up-link signal. This secondary 
station suspends the transfer of the up-link signal in response 
to the communication collision command included in the 
doWn-link signal. The master station thus causes the sec 
ondary station to suspend an invalid transmission of up-link 
signal at the time When a communication collision occurs on 
the up-link channel, thereby improving the throughput and 
response in the communication system. 

According to eighteenth, nineteenth and tWentieth 
aspects, in the tWelfth, fourteenth and seventeenth aspects, 
When having a suspended transfer of the up-link signal, each 
secondary station retransmits the up-link signal. 

In accordance With the eighteenth to tWentieth aspects, 
When having recogniZed an invalid up-link signal 
transmission, the secondary station can immediately retrans 
mit the data. This further improves the throughput in the 
communication system. 
A tWenty-?rst aspect is directed to a method for control 

ling access from secondary stations to a master station in a 
communication system in Which the master station and a 
plurality of secondary stations can bi-directionally 
communicate, 

Wherein the master station can use a doWn-link channel to 
transfer a doWn-link signal and each secondary station can 
use a plurality of up-link channels to transfer up-link signals, 

Wherein the master station is detecting the condition of 
use of each up-link channel, and 

determines on the basis of the condition of use Whether to 
assign an up-link channel Which is currently not used 
(hereinafter referred to as “a free channel”) to one of the 
secondary stations or to signal the free channel to each 
secondary station, 

Wherein When having determined to assign the free chan 
nel to one of the secondary stations, the master station 
generates a doWn-link signal for assigning the free channel 
to the secondary station and sends out the doWn-link signal 
onto the doWn-link channel, and 
When having determined to signal the free channel to each 

secondary station, the master station generates a doWn-link 
signal for signaling the free channel to each secondary 
station and sends out the doWn-link signal onto the doWn 
link channel. 

Generally, it improves the throughput and response in a 
communication system to assign a free channel to a particu 
lar secondary station When the up-link channels are 
croWded. When the up-link channels are not croWded, 
hoWever, alloWing the secondary stations to freely send out 
up-link signals onto free channels improves the throughput 
and response. Accordingly, in the tWenty-?rst aspect, the 
master station monitors the conditions of use of the up-link 
channels and determines, on the basis of the conditions of 
use, Whether to assign free channels to particular secondary 
stations or to alloW the secondary stations to freely send out 
up-link signals onto free channels. Then the master station 
can control accesses from the secondary stations so as to 

alWays keep high throughput and response. 
A tWenty-second aspect is directed to a method for 

controlling access from secondary stations to a master 
station in a communication system in Which the master 
station and a plurality of secondary stations can 
bi-directionally communicate, 
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Wherein the master station can use a doWn-link channel to 

transfer a doWn-link signal and each secondary station can 
use a plurality of up-link channels to transfer up-link signals, 

Wherein the master station counts the number of up-link 
channels Which are currently not used (hereinafter referred 
to as “the number of free channels”) and the number of 
up-link channels currently carrying up-link signals and 
suffering a communication collision (hereinafter referred to 
as “the number of communication collision channels”), 

Wherein When the number of communication collision 
channels has reached or exceeded a ?rst certain number, the 
master station detects up-link channels Which are currently 
not used (hereinafter referred to as “free channels”) and 
assigns the free channels to the secondary stations, and 

generates a doWn-link signal for signaling the free chan 
nels assigned to the secondary stations and sends out the 
doWn-link signal onto the doWn-link channel, and 
When the number of free channels has reached or 

exceeded a second certain number, the master station detects 
free channels and generates a doWn-link signal for signaling 
the detected free channels to each secondary station and 
sends out the doWn-link signal onto the doWn-link channel. 

In accordance With the tWenty-second aspect, the master 
station counts the number of free channels and the number 
of communication collision channels and determines 
Whether to assign free channels to particular secondary 
stations on the basis of the number of the communication 
collisions and determines Whether to alloW the secondary 
stations to freely send out up-link signals onto free channels 
on the basis of the number of free channels. Then the master 
station can control accesses from the secondary stations so 
as to alWays keep the throughput and response high. 
According to a tWenty-third aspect, in the tWenty-second 

aspect, When the number of communication collision chan 
nels has reached or exceeded the ?rst certain number, the 
master station detects free channel(s) and selects one(s) of 
the secondary stations of a number corresponding to the 
detected free channel(s), and 

individually assigns the free channel(s) to the selected 
secondary station(s). 

In accordance With the tWenty-third aspect, the master 
station selects a secondary station every time a free channel 
occurs and individually assigns the free channel to the 
selected secondary station. Even if a certain secondary 
station makes a communication by using a certain up-link 
channel in a long time, the master station can, When another 
up-link channel becomes free, assign the up-link channel to 
another secondary station. The up-link channels are then 
alWays being assigned to some of the secondary stations. 
Then, if traf?c is congested on an up-link channel, it affects 
not only a particular certain secondary station but also 
affects all secondary stations in a dispersed manner. This 
improves the response and throughput of all the secondary 
stations accommodated in the communication system. 

These and other objects, features, aspects and advantages 
of the present invention Will become more apparent from the 
folloWing detailed description of the present invention When 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing the entire structure of 
a communication system to Which an access control method 
of a ?rst embodiment of the present invention is applied. 

FIG. 2 is a block diagram shoWing the details of the 
structure of the master station 1 shoWn in FIG. 1. 
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FIG. 3 is a diagram showing an example of the address 
table 111 shown in FIG. 2. 

FIG. 4 is a diagram showing the con?guration of a 
down-link frame sent out from the master station 1 shown in 
FIG. 2. 

FIGS. 5(a) and (b) are diagrams showing bit con?gura 
tions of a secondary station address and various commands 
set in the address slots shown in FIG. 4. 

FIG. 6 is a block diagram showing the details of the 
structure of the secondary station 2 shown in FIG. 1. 

FIGS. 7(a) and (b) are diagrams showing an example of 
con?guration of the up-link frames sent out from the sec 
ondary stations shown in FIG. 6. 

FIG. 8 is a How chart showing the operating procedure of 
the master station 1 shown in FIG. 1. 

FIG. 9 is a How chart showing the details of the operating 
procedure in Step S3 shown in FIG. 8. 

FIG. 10 is a How chart showing the operating procedure 
of the secondary stations 2 shown in FIG. 1. 

FIG. 11 is a How chart showing the details of the operating 
procedure in Step S9 shown in FIG. 8. 

FIG. 12 is a diagram showing transitions of states of the 
secondary station addresses set in the address slots in the 
down-link frames and the communication status of the 
up-link channels in the case where an access control method 
of a second embodiment of the present invention is applied. 

FIG. 13 is a diagram showing another example of the 
address table 111 shown in FIG. 2. 

FIG. 14 is a diagram showing an example of the address 
table in a communication system to which an access control 
method of a third embodiment of the invention is applied. 

FIG. 15 is a How chart showing the operating procedure 
in which the down-link frame generating/transferring por 
tion 12 generates a down-link frame in a communication 
system to which the access control method of the third 
embodiment of the invention is applied. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram showing the entire structure of 
a communication system to which an access control method 
according to a ?rst embodiment of the present invention is 
applied. In FIG. 1, a master station 1 and 11 secondary 
stations 2 (shown are four) are connected to the communi 
cation system through the transmission path 3. This trans 
mission path 3 includes a down-link channel through which 
the master station 1 transfers down-link frames and ?ve 
up-link channels ch1—ch5 through which the secondary sta 
tions 2 transfer up-link frames. Separated frequency bands 
are individually assigned to the ?ve up-link channels. That 
is to say, this communication system uses the frequency 
division multiplex system. The secondary stations 2 have 
their respective secondary station addresses (“a” to “k”) 
previously assigned in such a way that they do not overlap. 
The secondary station to which a secondary station address 
“a” is assigned is indicated as a secondary station 2a 
hereinafter. Other secondary stations 2 are called secondary 
stations 2b to 2k as well. 

FIG. 2 is a block diagram showing the structure of the 
master station 1 shown in FIG. 1. In FIG. 2, the master 
station 1 includes a memory portion 11, a down-link frame 
generating/transferring portion 12 and an up-link frame 
receiving portion 13. 

The memory portion 11 contains an address table 111, a 
receive command 112, a collision detection command 113, 
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a data error command 114 and a transmission enabling 
command 115 in certain address areas. 
The address table 111 will be explained ?rst. In this 

communication system, the order of assigning free channels 
(described later) to the secondary stations is determined in 
advance. The address table 111 contains the order associated 
with the secondary station addresses. More speci?cally, as 
shown in FIG. 3, the secondary station addresses “a” to “k” 
ordered from “1” to “11” are stored in the address table 111. 
The above-mentioned four commands, the receive command 
112, the collision detection command 113, the data error 
command 114 and the transmission enabling command 115 
will be explained later. 

The down-link frame generating/transferring portion 12 
generates down-link frames and sends out the down-link 
frames onto the down-link channel. The procedure of gen 
erating the down-link frames will be explained later refer 
ring to FIG. 8, FIG. 9 and FIG. 11. 

FIG. 4 is a diagram showing the con?guration of a 
down-link frame. In FIG. 4, one down-link frame is formed 
of 16 slots (32 bits/slot), including a header slot, ?ve address 
slots AS1—AS5 and message slots. 
The header slot contains a preamble, a synchroniZation 

pattern (shown in FIG. 4 as “UW” (Unique Word)) and so 
on. The synchroniZation pattern UW has a certain bit pattern, 
which is used to establish various kinds of synchroniZations. 
One secondary station address or one command is set in 

each of the address slots AS1 to ASS. In this communication 
system, the address slots AS1 to AS5 correspond to the 
up-link channels ch1 to ch5. For example, setting the sec 
ondary station address “a” in the address slot AS1 indicates 
that the master station 1 assigns the up-link channel ch1 to 
the secondary station 2a. 

Messages from the master station 1 to the secondary 
stations 2 are stored in the message slots. This enables 
communication of data from the master station 1 to the 
secondary stations 2. The message slots will not be 
explained herein because they are not related to the inven 
tion. 
The preamble, the synchroniZation pattern UW, the 

address slots AS1—AS5 and the message slots are set in 
predetermined bit positions in a down-link frame, as shown 
in FIG. 4. 

FIG. 5 is a diagram showing the bit con?gurations of a 
secondary station address and various commands. FIG. 5(a) 
shows the bit con?guration of a secondary station address. 
As has been stated above, the secondary station addresses 
“a” to “k” are assigned to the secondary stations 2 in an 
unoverlapping manner. However, since a large number of 
secondary stations 2 are accommodated in an actual com 
munication system, actual secondary station addresses are 
each represented in a 32-bit binary number, as shown in FIG. 
5(a). Actual secondary addresses are set to “0” in the leading 
1 bit and are formed by using the remaining 31 bits in an 
unoverlapping manner. 

FIG. 5(b) shows the bit con?guration of various com 
mands. These commands are all represented in 32-bit binary 
numbers, as shown in FIG. 5(b), wherein the leading 1 bit is 
set to “1”, and the last 2 bits are set to “1” and “0”. The 
remaining 29 bits in the individual commands have different 
bit patterns from each other. That is to say, the receive 
command 112, the collision detection command 113, the 
data error command 114 and the transmission enabling 
command 115 have different bit con?gurations from one 
another. 
Now, referring to FIG. 2 again, the up-link frame receiv 

ing portion 13 includes ?rst to ?fth up-link frame receiving 



6,052,377 
11 

portions 131 to 135 corresponding to the number of the 
up-link channels (three of them are shoWn in the diagram). 
The ?rst to ?fth up-link frame receiving portions 131 to 135 
apply the following processings to up-link frames transmit 
ted on the up-link channels ch1—ch5. The processing in the 
?rst up-link frame receiving portion 131 is noW explained. 
The second to ?fth up-link frame receiving portions 132 to 
135 perform the same processing as the ?rst up-link frame 
131. 

First, the ?rst up-link frame receiving portion 131 moni 
tors Whether an up-link frame is transmitted on the up-link 
channel ch1 by using an internal comparator (not shoWn) for 
a ?rst certain time after a doWn-link frame Was sent out. The 
?rst certain time is determined considering, for example, the 
delay time Which an up-link frame from a secondary station 
requires to reach the master station. 

The comparator compares the level of a reference signal 
and the level of the received signal from the up-link channel 
chl. This reference signal has a predetermined certain level. 
When detecting that the received signal level has changed 
from under the certain level to the certain level or higher, the 
comparator outputs a ?rst comparison output. That is to say, 
the ?rst comparison output serves as information indicating 
that the ?rst up-link frame receiving portion 131 has 
detected a head of an up-link frame. When the ?rst certain 
time has passed Without a head of an up-link frame detected, 
the comparator outputs a second comparison output if it has 
detected that the received signal is at the level of the 
reference signal or higher. If, at that time, it has detected that 
the received signal level is loWer than the reference signal 
level, it outputs a third comparison output. The second 
comparison output is information indicating that up-link 
frames are being continuously sent out onto the up-link 
channel chl. The third comparison output is information 
indicating that the up-link channel ch1 is free. The ?rst 
up-link frame receiving portion 131 thus monitors Whether 
an up-link frame is transferred on the up-link channel chl. 
When detecting a head of an up-link frame, the ?rst 

up-link frame receiving portion 131 performs detection of 
the synchroniZation pattern UW. The detection of the syn 
chroniZation pattern UW is performed in a second certain 
time after the head of the up-link frame Was detected. The 
second certain time is determined considering the distance 
on the up-link frame from the head to the bit position in 
Which a synchroniZation pattern UW is estimated to be 
stored. When detecting a synchroniZation pattern UW Within 
the second certain time, the ?rst up-link frame receiving 
portion 131 outputs ?rst receive information (UW detected) 
indicating the detection. When detecting none, it outputs 
?rst receive information (UW undetected) indicting the fact 
When the second certain time has passed. 
When having determined that up-link frames are being 

continuously sent out, the ?rst up-link frame receiving 
portion 131 applies the knoWn technique, FCS (Frame 
Check Sequence) to each frame. If it determines that each 
up-link frame is being correctly transmitted on the up-link 
channel ch1 Without data error, it outputs second receive 
information (valid) indicating the fact. On the other hand, if 
it has determined that a data error is occurring in the up-link 
frame, the ?rst up-link frame receiving portion 131 outputs 
second receive information (error) indicative of it. 

The ?rst up-link frame receiving portion 131 also per 
forms other processings, such as taking out a message from 
an up-link frame, but they are not related to the invention 
and therefore not explained herein. 

FIG. 6 is a block diagram shoWing the detailed structure 
of a secondary station 2 (refer to FIG. 1). In FIG. 6, a 
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secondary station 2 includes a command/address detecting 
portion 21 and an up-link frame generating/transferring 
portion 22. When a secondary station 2 is signaled from the 
master station 1 that it can send out up-link frames through 
a free channel, it sends out up-link frames by using the free 
channel. Operation of the command/address detecting por 
tion 21 Will be explained later referring to FIG. 10. 
The procedure in Which the up-link frame generating/ 

transferring portion 22 generates an up-link frame Will be 
brie?y described. A secondary station 2 generates transmis 
sion data, such as video data or audio data, for example. The 
transmission data is stored in a buffer memory (not shoWn) 
included in the secondary station 2. The up-link frame 
generating/transferring portion 22 divides the transmission 
data in the buffer memory by every 120 bits. Then it 
generates an up-link frame by adding a 8-bit header to the 
transmission data corresponding to the ?rst 120 bits (refer to 
FIG. 7(a)) and it generates up-link frames by adding a 8-bit 
FCS to the folloWing transmission data (refer to FIG. 7(b)). 

In the communication system explained above, the master 
station 1 controls accesses from the secondary stations 2 by 
using the doWn-link frames. FIG. 8 is a How chart shoWing 
the operating procedure in Which the frame generating/ 
transferring portion 12 generates a doWn-link frame. 

In an initial state, no up-link frame is transferred on any 
of the up-link channels ch1—ch5. In this state, the ?rst to ?fth 
up-link frame receiving portions 131—135 output only the 
third comparison outputs Without performing detection of 
the synchroniZation pattern UW and the FCS. The ?rst to 
?fth up-link frame receiving portions 131—135 output the 
comparison outputs and the like to the doWn-link frame 
generating/transferring portion 12 at certain timings. The 
certain timings Will be explained later. A combination of the 
comparison output, the ?rst receive information and the 
second receive information is referred to as status informa 
tion hereinafter. 
The doWn-link frame generating/transferring portion 12 

generates a ?rst doWn-link frame under these circumstance. 
The doWn-link frame generating/transferring portion 12 
includes a mode ?ag 0t, counters C1, C2 and T, a slot pointer 
m and an address pointer n (not shoWn). The mode ?ag 0t 
and the counters C1, C2 and T are set to “0” and the address 
pointer n is set to “1” (FIG. 8; Step S1). 

The doWn-link frame generating/transferring portion 12 
refers to the mode ?ag 0t to determine Whether to move to 
a contention mode (Step S3 explained later) or to a polling 
mode (Step S9 explained later), Which takes a value of “0” 
or “1”. The counter C1 counts the number of up-link 
channels on Which a communication collision takes place 
and the counter C2 counts the number of free channels. A 
free channel means an up-link channel on Which no up-link 
frame is being transferred (no data communication is being 
made). The counter T measures a time period for counting 
the number of communication collisions and the number of 
free channels. The address pointer n indicates “nth” one in 
the order in the address table 111, explained above, to 
specify a secondary station address to be set in an address 
slot AS. Accordingly, the address pointer n counts up one by 
one from “1” to “11” in this communication system. The slot 
pointer m Will be explained later When required. 

Next, the doWn-link frame generating/transferring portion 
12 determines Whether the mode ?ag 0t is indicating “0” or 
not (Step S2). If it is indicating “0”, the doWn-link frame 
generating/transferring portion 12 determines that it is better 
to generate a doWn-link frame in the contention mode and 
moves to Step S3. On the other hand, if the mode ?ag 0t is 
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not indicating “0” (indicating “1”), the doWn-link frame 
generating/transferring portion 12 determines that it is better 
to generate a doWn-link frame in the polling mode and 
moves to Step S9 explained later. At present, as is clear from 
the description above, the doWn-link frame generating/ 
transferring portion 12 moves to Step S3. 

The difference betWeen the contention mode and the 
polling mode Will noW be brie?y explained. In the conten 
tion mode, a plurality of secondary stations 2 can send out 
up-link frames onto one free channel. Therefore it is more 
prone to communication collision than the polling mode. 
HoWever, the contention mode, alloWing the secondary 
stations 2 to freely send out up-link frames onto free 
channels, generally provides higher response than the poll 
ing mode. 
On the other hand, in the polling mode, the master station 

1 assigns one free channel to one secondary station 2 
irrespective of Whether it has transmission data. 
Accordingly, it provides loWer response than the contention 
mode. HoWever, the polling mode in Which, as a rule, a 
plurality of secondary stations 2 do not send out up-link 
frames onto a single up-link channel is less prone to com 
munication collisions than the contention mode. 

HoWever, it is thought that generating doWn-link frames 
in the contention mode When a relatively larger number of 
channels are free Will cause feWer communication collisions 
and provide higher response. Accordingly, in the initial state 
in Which all up-link channels are free, it is preferred that the 
mode ?ag 0t is set to “0” so that the doWn-link frame is 
generated in the contention mode. On the other hand, When 
a relatively smaller number of channels are free, the polling 
mode Which is less prone to communication collisions Will 
provide higher response than the contention mode. 

FIG. 9 is a How chart shoWing details of the processing 
procedure in Step S3 (the contention mode) shoWn in FIG. 
8. First, the doWn-link frame generating/transferring portion 
12 sets the slot pointer m to “1” (FIG. 9; Step S901). The slot 
pointer m speci?es an address slot AS in Which a secondary 
station address or the above-explained commands are to be 
set. Since there are ?ve address slots in this communication 
system, the slot pointer m counts up one by one from “1” to 
“5”. 

The timing is controlled betWeen the doWn-link frame 
generating/transferring portion 12 and the up-link frame 
receiving portion 13 so that the status information is fed to 
the doWn-link frame generating/transferring portion 12 from 
an mth up-link frame receiving portion 13m (this “m” 

corresponds to the indicated value of the slot pointer Since the slot pointer m is currently indicating “1”, the status 

information is inputted from the ?rst up-link frame receiving 
portion 131. 

Next, the doWn-link frame generating/transferring portion 
12 determines Whether the level of a received signal from an 
up-link channel speci?ed by the slot pointer m (hereinafter 
referred to as “an up-link channel chm”) has varied from 
under the certain level to the certain level or higher (Step 
S902). If the status information includes the ?rst comparison 
output, the doWn-link frame generating/transferring portion 
12 determines that the level of the received signal has 
changed and moves to Step S908 explained later. If the 
status information does not include the ?rst comparison 
output, it determines that the level has not changed and 
moves to Step S903. At present, since the doWn-link frame 
generating/transferring portion 12 is receiving the third 
comparison output from the ?rst up-link frame receiving 
portion 131 as stated above, it moves to Step S903. 
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Next, the doWn-link frame generating/transferring portion 

12 determines Whether the level of the received signal from 
the up-link channel chm is loWer than the ?xed level (Step 
S903). When the status information includes the second 
comparison output, the doWn-link frame generating/ 
transferring portion 12 determines that the level of the 
received signal is at the certain level or higher and moves to 
Step S912 explained later. When the status information 
includes the third comparison output, it determines that the 
level is loWer than the certain level and moves to Step S904. 
At present, the doWn-link frame generating/transferring por 
tion 12, receiving the third comparison output, moves to 
Step S904. 

Next, the doWn-link frame generating/transferring portion 
12 accesses the memory portion 11 to extract the transmis 
sion enabling command 115 and then sets the transmission 
enabling command 115 into an address slot AS speci?ed by 
the slot pointer m (hereinafter referred to as “an address slot 
ASm,” Step S904). The master station 1 thus signals to each 
secondary station 2 that the up-link channel chm is free. At 
present, the slot pointer m indicates “1” and the transmission 
enabling command 115 is set into the address slot ASl. 

Next, the doWn-link frame generating/transferring portion 
12 determines Whether some commands have been set in all 
address slots AS (Step S905). When having determined that 
commands have been set in all address slots AS, the doWn 
link frame generating/transferring portion 12 moves to Step 
S907 described later. On the other hand, When having 
determined that commands have not been set into all address 
slots AS, the doWn-link frame generating/transferring por 
tion 12 moves to Step S906. Since there are ?ve address slots 
in this communication system, the determination in Step 
S905 is made depending on Whether the slot pointer m 
indicates “5”. At present, the slot pointer m is indicating “1” 
and therefore the doWn-link frame generating/transferring 
portion 12 moves to Step S906. 

Next, the doWn-link frame generating/transferring portion 
12 updates the slot pointer m to “m+1” (Step S906) and 
returns to Step S902 to determine a command to be set into 
the next address slot AS. At present, the slot pointer m is 
updated from “1” to “2.” 

The timing is controlled so that the status information is, 
at this time, being inputted to the doWn-link frame 
generating/transferring portion 12 from an mth up-link 
frame receiving portion 13m indicated by the value of the 
slot pointer m after updated. At present, the status informa 
tion outputted from the second up-link frame receiving 
portion 132 is inputted. 

In the initial state, all up-link channels are free. 
Accordingly, the doWn-link frame generating/transferring 
portion 12 repeats the processing procedure shoWn in the 
order of Steps S902—S906 three times and then executes the 
processing procedure shoWn in the order of Steps 
S902—S905. As the result, the transmission enabling com 
mands 115 are set into the address slots AS2—AS5 as Well. 
When having executed Step S905 With the slot pointer m 
indicating “5”, the doWn-link frame generating/transferring 
portion 12 moves to Step S907. 

Next, the doWn-link frame generating/transferring portion 
12 sets the preamble and the synchroniZation pattern UW 
into the header slot and messages into the message slots, if 
needed, to assemble a doWn-link frame (refer to FIG. 4) and 
sends out this doWn-link frame onto the doWn-link channel 
(Step S907) to end Step S3 in FIG. 8. Operations of the 
secondary stations 2 receiving this doWn-link frame Will be 
explained later. 




























